This study examined the relationship among cardiovascular responses indicative of challenge and threat states, self-efficacy, perceived control and emotions before an upcoming competition. Using a repeated-measures design, 48 collegiate athletes talked about an upcoming competition (sport-specific speech task) and the topic of friendship (control speech task), whilst cardiovascular responses (heart rate, preejection period, cardiac output, and total peripheral resistance) were collected and self-report measures of self-efficacy, perceived control, and emotions completed. Findings showed that participants with a physiological threat response reported higher levels of self-efficacy and excitement. Further, none of the other emotions or the cognitive appraisals of challenge and threat predicted cardiovascular patterns indicative of either a challenge or threat state. Thus, cardiovascular responses and self-report measures of self-efficacy, perceived control, and emotions did not correlate in the manner predicted by the theory of challenge and threat states in athletes. This finding may reflect methodological aspects, or that perhaps highly efficacious individuals believe they can perform well and so the task itself is more threatening because failure would indicate underperformance.
can be observed that some individuals will rise to the demands and perform well, whereas others will wilt and perform poorly; for some people a motivated performance situation is viewed as a challenge, and for others it is seen as a threat.
Challenge and threat states are motivational states that reflect how an individual engages in a personally meaningful situation and includes cognitive, affective, and physiological components (Blascovich & Mendes, 2000) . People experience a challenge state when they perceive they have sufficient, or nearly sufficient, resources to meet the demands of a situation, whereas a threat state is experienced when insufficient resources to meet the demands of situation are perceived (Blascovich & Mendes, 2000; Blascovich & Tomaka, 1996) . Competitive sport provides the context for the present study and is a good example of a motivated performance context because the outcome usually matters greatly to the individual involved, there is often a perception of danger (injury or humiliation), there is uncertainty about the outcome (e.g., how will the opponent perform), and it usually requires much physical and mental effort to succeed.
Challenge and threat states can be identified by two distinct cardiovascular reactivity patterns, this notion has been supported by a consistent body of research that has emerged identifying cardiovascular indices of challenge and threat states in motivated-performance situations (Blascovich, Mendes, Vanman, & Dickerson, 2011; Seery, 2011) . The CHALLENGE AND THREAT STATES 4 biopsychosocial (BPS) model of challenge and threat (Blascovich & Mendes, 2000; Blascovich & Tomaka, 1996) explains the two distinct cardiovascular patterns. These two patterns are proposed to reflect activity in the sympathetic adrenal medullary (SAM) and pituitary adrenal cortical (PAC) axes. Both challenge and threat states result in increased SAM activation, a threat state also results in increased PAC activation (Blascovich & Tomaka, 1996; Dienstbier, 1989) . In a threat state increased PAC activation inhibits vasodilation that would otherwise take place in the challenge state (Blascovich & Mendes, 2000) . Using impedance cardiography (Sherwood et al., 1990) , a threat state can be inferred from increases in total peripheral resistance (TPR), indicating vasodilation, with no change or a slight increase in cardiac output (CO) and a challenge state is observed by an increase from baseline in CO and a decrease in TPR (Blascovich & Mendes, 2000) . Challenge and threat states only occur when individuals are engaged with the task, that is, it must be a motivated performance situation. Therefore, heart rate (HR) and preejection period (PEP) are also measured, with an increase from baseline in HR and a decrease in PEP indicating task engagement (Blascovich & Mendes, 2000) . PEP is an index of isovolumic contraction time directly related to the degree of cardiac contractile force, this can be the heart beating or inotropic performance. The cardiovascular patterns that index challenge and threat proposed in the BPS model have been empirically validated numerous times (see Blascovich et al., 2011; Seery, 2011 for reviews).
Challenge and Threat States in Athletes
Research on challenge and threat states in a competitive sport setting is in its early stages. Blascovich, Seery, Mugridge, Norris, and Weisbuch (2004) examined the influence of cardiovascular reactivity patterns on sport performance in baseball and softball. It was found that athletes who displayed cardiovascular reactivity indicative of a challenge when imagining and talking about a hypothetical sports scenario performed better during the CHALLENGE AND THREAT STATES 5 subsequent season than those who displayed a threat pattern. It was suggested that better players were more challenged during the sports-related speech because they had higher selfefficacy (Blascovich et al., 2004) , however self-efficacy was not assessed in their study.
More recent research has explored the relationship among self-efficacy and cardiovascular indices of challenge and threat in sport. For example, Williams, Cumming, and Balanos (2010) were unable to find consistent differences in cardiac output between participants when using challenge or threat imagery about a sport competition. The challenge imagery script was related to higher levels of self-efficacy compared to the threat script, providing some support for the cognitive component of the TCTSA. Self-efficacy was not related to cardiovascular reactivity indicative of either challenge or threat in a netball task (Turner, Jones, Sheffield, & Cross, 2012) . In sum, despite Blascovich et al.'s (2004) proposition, the research from athletic settings does not suggest an association among self-efficacy and cardiovascular indices of challenge and threat states.
However, there is theoretical support for Blascovich et al.'s proposition that selfefficacy may be associated with a challenge state in athletic competition. One approach that outlines how athletes may respond to a motivated performance situation, like a sports competition, is the theory of challenge and threat states in athletes (TCTSA, Jones, Meijen, McCarthy, & Sheffield, 2009 ). This theory builds on Lazarus and Folkman's (1984) work and the BPS model of challenge and threat (Blascovich & Mendes, 2000; Blascovich & Tomaka, 1996) . The TCTSA proposes that self-efficacy, perceived control, and achievement goals comprise resource appraisals; these are referred to as the cognitive component of challenge and threat states, and are reflected in the cardiovascular indices of challenge and threat outlined. A challenge state will be experienced when an athlete has high levels of selfefficacy, a perception of control, and a focus on approach goals. A threat state is experienced with low self-efficacy, low perceived control, and a focus on avoidance goals (Jones et al., CHALLENGE AND THREAT STATES 6 2009 ). The present study is an initial exploration of the TCTSA, which was being refined when this study was conducted, and focuses on two of the determinants of challenge and threat states: self-efficacy and perceived control. We focus on self-efficacy because of Blascovich et al.'s (2004) proposition that athletes in a challenge state will have a higher level of self-efficacy and we also focus on perceived control, because individuals need to believe that they are in control, and can intentionally execute their actions, for self-efficacy to develop (Bandura, 1997) .
Self-efficacy refers to an individual's judgment of his or her capability to successfully perform a task (Bandura, 1997) and as such contributes to a perception of being able to cope with the demands of a situation (cf. Lazarus, 1999) . Control also forms a central component of the resource appraisals. Subjective (perceived) control influences physiological responses of challenge and threat states more than objective control (Dickerson & Kemeny, 2004) . To illustrate, individuals who perceived an uncontrollable stressor as controllable showed less physiological changes, evidenced by smaller increases in cortisol responses, compared to individuals who appraised the stressor as uncontrollable in motivated performance tasks (Dickerson & Kemeny, 2004; Kemeny, 2003) . A situation can be perceived as within (controllable) or outside one's personal control (uncontrollable) and influences the perception of the situation as a challenge or a threat. In a situation perceived as controllable, one is motivated to put more effort in a task and feel more self-efficacious, increasing the chances for success (Bandura & Wood, 1989) .
The TCTSA also outlines the relationship among challenge and threat states and emotions. Positive emotions will typically be associated with a challenge response and negative emotions will typically be associated with a threat response (Jones et al., 2009 ).
Although individuals typically experience more negative emotions in a threat compared to a challenge state (e.g., Schneider, 2008; Skinner & Brewer, 2002 , challenge and threat CHALLENGE AND THREAT STATES 7 are motivational states and therefore they are independent to the valence of the emotion experienced (Mendes, McCoy, Major, & Blascovich, 2008) . For example, high-intensity emotions with a negative valence, like anger, that can serve motivational functions could therefore occur in a challenge state (e.g., Mendes et al., 2008) . The interpretation of emotions as being helpful or unhelpful for performance has been recognised as an important aspect of how athletes approach competition, with athletes reporting a more positive perception of anxiety typically performing better (e.g., Jones, Swain, & Hardy, 1993) . Collectively, both theory (Jones, 1995) and research (Hanton, Neil, & Mellalieu, 2008) , suggest that in combination, a high perception of control and self-efficacy should, typically, be associated with emotional responses being perceived as helpful to performance regardless of the valence of the emotion. For example, Williams et al. (2010) found that anxiety experienced during a challenge script was perceived as more helpful for performance. Moore, Vine, Wilson, and Freeman (2012) manipulated challenge and threat states by giving participants different monetary incentives and found that the challenge group reported a more facilitative interpretation of cognitive anxiety.
The Present Research
The present study builds on the findings of Blascovich et al. (2004) and contributes to the literature by exploring the underlying psychological constructs of challenge and threat states using competitive sport as a naturalistic setting. Although demand and resource appraisals have been manipulated to induce challenge and threat states (e.g., Tomaka, Blascovich, Kibler, & Ernst, Study 1, 1997) , comparatively little research has explored whether a person's self-reported resource appraisals relate to the cardiovascular responses indicative of challenge and threat states.
Whereas participants' perceptions of their abilities to cope and whether the task is a challenge or a threat are routinely taken, few studies have examined psychological constructs, such as CHALLENGE AND THREAT STATES 8 self-efficacy and control, which are proposed to underpin participants' ability to cope with a demanding sporting situation (cf. Jones et al., 2009) . When this has been done in sport no significant associations (e.g., Turner et al., 2012; Williams et al., 2010) have been observed; however, research has either used laboratory-based tasks (Turner et al., 2012) , or hypothetical competitive scenarios (Williams et al., 2010) . We sought to add to this literature in line with a suggestion by Turner et al. (2012) , that is, by collecting data in a task relating to a real-life competitive event. This will enable the relationship among CV responses and self-report measures, and CV responses and performance to be examined in a more ecologically valid manner. We specifically build on the research of Blascovich et al. (2004) by using a similar methodology and exploring the cognitive and emotional correlates of cardiovascular indicators of challenge and threat states in athletes using a sport-related speech task. To do this, we asked athletes to talk about an upcoming important competition and a neutral situation and measured cardiovascular response patterns along with cognitive and emotional responses (Blascovich et al., 2004) . In line with the TCTSA it was hypothesised that higher levels of perceived control and self-efficacy would predict cardiovascular indicators of a challenge state, whereas lower levels of self-efficacy and perceived control would predict cardiovascular indicators of a threat state. A more positive emotional state, particularly if perceived as helpful to performance, was hypothesised to be associated with a cardiovascular pattern characterising a challenge state, and a more negative emotional state, perceived as unhelpful to performance associated with a cardiovascular pattern characterising a threat state.
Method Participants
Forty-eight student athletes (31 men, 17 women, M age = 20.56, SD = 2.02) participated in the study voluntarily, with the competitive standard ranging from international CHALLENGE AND THREAT STATES 9 to regional level. Participants competed in soccer (n = 16), basketball, hockey (both n = 5), badminton, cricket (both n = 4), karate, swimming, rugby (all n = 2), kickboxing, lacrosse, rowing, volleyball, motorcycle trials, road cycling, running, and American football (all n = 1).
Procedure
Following institutional ethical approval, athletes were recruited from university individual and team sports. Upon arrival in the lab, and after the participant provided informed consent, the researcher applied the sensors to obtain four cardiovascular (CV) measures using impedance cardiography (ZKG), electrocardiography (EKG) and blood pressure readings: heart rate (HR), preejection period (PEP), cardiac output (CO), and total peripheral resistance (TPR). An impedance cardiograph, model HIC-3000 (Bio-Impedance Technology, Inc.), with an external electrocardiographic lead was used to record ZKG and ECG signals in line with accepted protocols (Sherwood et al., 1990) . A Critikon Dinamap Pro 100 blood pressure monitor was used to obtain systolic (SBP), diastolic (DBP) blood pressure, and mean arterial pressure (MAP) readings. CO was calculated by heart rate multiplied by stroke volume. TPR was calculated with the formula (MAP/CO) X 80. After completing demographic questions, the participants were asked to sit on a comfortable chair. Next, the participants were introduced to one of two tasks and asked to talk for three minutes about their thoughts, feelings, and expectations immediately before an CHALLENGE AND THREAT STATES 10 important competition they were about to face in their main sport (sport task) or talk about the topic of friendship for three minutes (control task). The order of the two tasks was counterbalanced. Five minutes of resting cardiovascular data were collected before the control task and the sport task. There was a 10-minute rest between the control task and sports task.
The use of a speech task about a motivated performance situation has been frequently used in similar research (e.g., Blascovich et al., 2004; Seery, Weisbuch, Hetenyi & Blascovich, 2010) . It is the CV reactivity to talking about the upcoming competition that is the focus of the present study. The control task was identical to that used by Blascovich et al. (2004) and was included to control for the physiological responses to speaking.
In the control task, participants were asked to talk about the topic of friendship for three minutes. After the control task participants indicated the degree they experienced the task as a threat, challenge, and felt stressed. In the sport task, participants were asked to talk for three minutes about their thoughts, feelings, and expectations immediately before an important competition they were about to face in their main sport. After the sport task the participants completed measures of self-efficacy, emotion, perceived control, and challenge and threat appraisals in relation to the important competition they just talked about. In both tasks a standard list of prompts was used if participants became silent, to ensure they spoke for three minutes. The participant and the researcher were separated by a screen, which allowed the researcher to use the prompts when needed. This screen was used to prevent the effect non-verbal feedback could have on the participant's cardiovascular responses. After both tasks were completed the electrodes were removed and the participants debriefed and thanked.
Measures
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Self-efficacy. The main sport varied across the participants; therefore a self-efficacy measure tailored towards a particular sport (Bandura, 2006) could not be used. Accordingly a generic sports related measure of self-efficacy was used that catered for various sports (Coffee & Rees, 2008) . The participants were instructed to indicate with reference to the important competition they had just spoken about, to what extent they felt confident that they could cope with six statements on a five-point scale. An example statement is "mobilise all your resources for this performance". The internal consistency reliability coefficient of the self-efficacy measure in the present study was = .77.
Emotions. Emotions were measured using the Sport Emotion Questionnaire (SEQ, Jones, Lane, Bray, Uphill, & Catlin, 2005) . The SEQ comprised three four-item and two five-item scales, measuring anger, anxiety, dejection, happiness, and excitement. The participants were asked to indicate on a five point Likert-scale, how they feel right now, at this moment for each of the items in the SEQ, in relation to the critical situation they have just talked about. The questionnaire has been validated by Jones et al. (2005) , providing evidence of internal consistency reliability values for each subscale above =.80, and further support from confirmatory factor analyses (Jones et al., 2005) . The internal consistency reliability coefficients for each subscale were .86 for anxiety, .71 for dejection, .88 for excitement, .54 for anger, and .91 for happiness. Further exploration of the low internal consistency reliability coefficient for anger showed that deleting any of the items did not improve the internal consistency of the scale. Subsequently it was decided to not use this scale in further analyses.
Interpretation of emotions was measured by adding an extra rating scale for each item to the SEQ, where participants were asked to indicate whether they regarded this feeling as negative (debilitative) or positive (facilitative) in relation to their performance in the important competition they just talked about. The participants were asked to rate this on a 7-CHALLENGE AND THREAT STATES 12 point scale, ranging from -3 (very debilitative) to +3 (very facilitative), in line with the directional scale of the CSAI-2d (Jones & Swain, 1992) .
Appraisals and control.
To assess control participants indicated, in relation to the important competition they had just talked about, to what degree "I felt that I had control over the situation to demonstrate my skills to the best of my ability" on a 5 -point scale, ranging from 0 (not at all) to 4 (extremely). Furthermore, participants indicated on a 5-point scale, ranging from 0 (not at all) to 4 (extremely) in relation to the sporting situation they had described how much they (a) "I experienced the situation as a threat" and (b) "I experienced the situation as a challenge". They also rated their levels of stress ("I felt stressful about the important competition") and to what extent they felt they could cope with the important competition ("I felt that I could cope with the important competition"). For the friendship control task participants indicated to what degree (a) "I experienced the task as a threat", (b) "I experienced the task as a challenge", (c) "I felt stressed during the task", and (d) "I felt that I could cope with the task". Responses were on a 5 -point scale, ranging from 0 (not at all) to 5 (extremely). Participants who rated the control task as stressful or felt that were unable to cope with the control task were excluded from further analyses, as the aim of the control task was to control for the cardiovascular responses of a speech task and was not intended to be stressful.
Results
Preliminary Analyses
Four participants reported they felt threatened, stressed, or could not cope with the control task and were removed from further data analysis. There was one outlier (more than 3 SD away from the mean) on CO which was subsequently removed from further analysis, in addition four participants were deleted from further data analysis with missing cardiovascular data. This left 39 participants for the primary analysis. The reactivity scores for the CHALLENGE AND THREAT STATES 13 cardiovascular data are presented in Table 1 . The data indicated that participants engaged with both tasks. Measures of HR (reported in BPM) and PEP (reported in ms) were used to analyse engagement with the tasks. There was a statistically significant increase in HR between baseline and condition, for both the friendship control condition, t (38) = 9.41, p < .001, d = 0.93 (mean increase 11.54, SD = 7.66) and the sport competition condition, t (38) = 9.93, p <. 001, d = 0.99 (mean increase 13.38, SD = 8.42), none of the participants displayed a decrease in HR. There were decreases in PEP as expected between baseline and the speech tasks; these were not statistically significant in both the control task t (38) = 1.66, p = .11, d = 0.10 (mean decrease 2.62, SD = 9.84) and the sport task, t (38) = 1.78, p = .08, d = 0.10 (mean decrease 3.23, SD = 11.37). The data were examined for presentation-order effects for the cardiovascular responses. A repeated-measures 2x2 mixed ANOVA showed that the effect of presentation order of the task was not significant for HR, F (1, 37) = .09, p = .76, p 2 = .002, PEP, F (1, 37) = .65, p = .43, p 2 = .02, TPR, F (1, 37) = .05, p = .83, p 2 = .001 and CO, F (1, 37) = .18, p = .67, p 2 = .01. There was a consistent decrease for CO and an increase in TPR for both the baseline and the task, indicating that there were no presentationorder effects.
Paired sample t-tests showed that participants rated the sport task to be significantly The results for the challenge and threat index showed that there was no effect for interpretation of these three emotions in the Step 2, F (3, 33) = 1.38, p = .27, R 2 = .08.
Discussion
The present study is one of the first to use competitive sport as a setting to explore the Hilmert & Kvasnicka, 2010) . The present study was a naturalistic study and it appears that only studies manipulating self-efficacy or challenge and threat states find an effect on cardiovascular responses (for example Gerin, Litt, Deich, & Pickering, 1996; Hilmert, Christenfeld, & Kulik, 2002) . The non-significant relationships among control, selfreported challenge and threat, and cardiovascular reactivity have also been observed in previous sport studies (e.g., Turner, et al., 2012; Williams et al., 2010) albeit not in relation to a real-life competitive scenario.
In addition to the lack of consistent associations among cardiovascular responses and self-report measures, of particular note was the finding, contrary to the TCTSA that participants who displayed a cardiovascular response indicative of a threat reported higher CHALLENGE AND THREAT STATES 17 levels of self-efficacy. First, it is possible that highly efficacious individuals are physiologically threatened by an upcoming task. There is empirical evidence in a non-sport setting that self-efficacy has been associated with cardiovascular responses associated with a threat response (Hoyt & Blascovich, 2010) . Female participants were asked to complete a leadership task that comprised chairing a selection committee for a post for a fictitious company. The participants with high leadership self-efficacy responded with a cardiovascular pattern indicative of a threat response when asked to do this task after receiving information about male leaders and the gender gap in elite leadership positions. For women with a high level of self-efficacy in their leadership abilities, information that most men occupy leadership positions was threatening, because it could potentially confirm a negative stereotype that women do not make good leaders (Hoyt & Blascovich, 2010) . So it may be that highly-efficacious individuals in our study believed that while they have the capability to perform well, the task itself is more threatening because failure would indicate underperformance. In contrast, for individuals with lower levels of self-efficacy the task may be less threatening because a good performance is not expected. In sum cardiovascular responses to an upcoming task may be more reflective of the potential opportunities for gain or failure and the high self-relevance of a task could make an individual with high selfefficacy more disposed to feelings of threat (e.g., Hoyt & Blascovich, 2010) .
The findings may also represent the social desirability inherent in self-report measures. Higher scores on self-efficacy for individuals in a threat state may reflect an attempt to mask an underlying lack of self-efficacy. Indeed, individuals who exhibited cardiovascular responses indicative of threat during a social interaction with a stranger sounded less confident, but looked more confident (Weisbuch, Seery, Ambady, & Blascovich, 2009 ). To explain, participants who were threatened in a social interaction attempted to mask an underlying lack of confidence by controlling their facial display which CHALLENGE AND THREAT STATES 18 is relatively controllable compared to vocal confidence. Even though the participants in the present study were unable to see the researcher, they were aware that the researcher was listening to their sport speech.
It is also possible that some of the methodological reasons outlined may account for the lack of a relationship between perceived control and cardiovascular reactivity. In particular, collecting data closer to the actual competition itself may help elucidate the relationship. The absence of a relationship between self-reported challenge and threat and cardiovascular reactivity is interesting. This is in contrast to previous studies (for example Williams et al., 2010) but may be unique to an actual competitive setting in that all the athletes in our sample typically reported the upcoming competition to be challenging, and not very threatening. This may reflect the vernacular in sport where upcoming competitions are typically described as challenging and infrequently would a competition be described as threatening (Meijen, Jones, McCarthy, Sheffield, & Allen, 2013) . For these athletes, the context in which 'challenging' and 'threatening' (words) are used may not relate to the theoretical use of the terms and as such the self-report measures may not accurately reflect their psychological approach to competition. A similar argument could also be made for 'stressed' and athletes may not use the word in line with its theoretical definition (e.g., Fletcher, Hanton, & Mellalieu, 2006) . In addition, whereas the cardiovascular reactivity responses are suggested to be two distinct states (Blascovich & Mendes, 2000) , the challenge and threat appraisals might not be able to provide this distinction, and athletes might subjectively experience a competition as both a challenge and threat (Cerin, 2003; Meijen et al., 2013) .
The non-significant relationships between anxiety, happiness, and cardiovascular reactivity were also surprising, given that both the BPS and the TCTSA suggest that in general participants displaying cardiovascular reactivity should report a more positive CHALLENGE AND THREAT STATES 19 emotional state, and this has been demonstrated empirically (Schneider, 2008) . Some of the methodological issues outlined above might have accounted for these findings, such as the time of data collection. It is well-reported that the intensity of emotions, particularly anxiety, increases closer to the competition (Cerin, Szabo, Hunt, & Williams, 2000) . Future research can manipulate challenge and threat states to further explore the influence on emotional states in challenge and threat states in athletes.
There are further general issues relating to the method employed that may help explain the findings and provide a guide for future work. Specifically the procedure itself, which required participants to talk about an upcoming competition, may have influenced the relationship between self-report measures and cardiovascular reactivity. This procedure was chosen because cardiovascular responses to physical exertion can mask cardiovascular changes that differentiate challenge and threat states (Blascovich et al., 2004) . Although previous similar studies have used a speech task (see Blascovich et al., 2004; Chalabaev, Major, Cury, & Sarrazin, 2009) participants' self-reported approach to competition and cardiovascular reactivity, closer to the competition itself, using a methodology that does not require participants to talk about the upcoming task. In addition, future studies could manipulate challenge and threat states to examine changes in the correlates of challenge and threat states. (Hoyt & Blascovich, 2010) and this could influence physiological responses, whereas those who do not have high expectations might withdraw from the situation and consequently they do not demonstrate clear changes in physiological responses (Ennis, Kelly, & Lambert, 2001 Beck & Schmidt, 2012) . To explore the possibility of a non-linear relationship we have looked at the scatterplot for the cardiovascular reactivity index for the sport task and self-efficacy, and the cardiovascular reactivity index for the sport task and excitement, as these were the two variables that significantly predicted cardiovascular reactivity. After looking at the scatterplot we created a squared version of the two independent variables (self-efficacy/excitement) and ran two separate multiple regression analyses (one for self-efficacy, one for excitement). We entered the cardiovascular reactivity index as the dependent variable, self-efficacy in step 1, and selfefficacy squared in step 2. This allowed us to look for a quadratic model. What the results showed was that there is no change in step 2, which indicated that there was no non-linear relationship. Because there was no change to the variance, it appears that the linear model works best. Note: Baseline scores are based on the last minute of the baseline; task scores are based on the first minute of the task; reactivity is the difference between the first minute of the task and the last minute of the baseline. HR measured in BPM, CO in L/m, PEP in ms, and TPR in dyne seconds times cm 
